Abstract-In this paper, we consider empirical studies on fishery production efficiency of Zhoushan new district based on data envelope analysis (DEA)model of three-stage. The results show that environment variables and random factors do have an effect on fishery production of Zhoushan. The increase of urbanization level and the average year of population education are the favorable factors to improve fishery production; fishermen per capita income and fishery subsidies provided by the government are the adverse factors in the improvement of fishery production efficiency. After eliminating the influence of environment variables and random factors, we get a relatively real efficiency of fishery production in Zhoushan new district.
I. INTRODUCTION
Fishing is the basis of economic development to newly built district of zhoushan [1, 2] . The fishery production is one of the traditional industries of ocean economy. In recent years, marine resources are being accelerated consumption with the rapid speed of marine development [3, 4] . Especially to marine fishery, it was reported, because of overfishing, fishery resources recession is more and more obvious in recent 20 years under the situations of continuously improvement of the fishing technology and increasing fishing intensity [5, 6, 7] . Marine development has received more and more attention with land resource exhausting, population and environmental pressure increasing [8, 9, 10] . The management and regulation of ocean fisheries continues to be one of the biggest challenges for worldwide fishery agencies.
In order to save ocean fisheries resources and keep sustainable development of fishery production [11, 12] , efficiency evaluation has been a subject of tremendous interest as organizations struggling to improve productivity [13, 14] . How to reasonably evaluate fishery production efficiency in zhoushan and then seek the realistic approaches of improving fishery production; which factors influence the fishery production efficiency and which respects can it be improved from, all these have become the hotspot of ocean economy research [15, 16, 17] .
A lot of scholars have been made great contribution to fishery production efficiency research [1, 2, 18] . Nowadays, various methods are used to estimate efficiency scores of fishery production units. These methods were generally classified as parametric and nonparametric methods. Corrected ordinary least squares and stochastic frontier analysis are parametric models and DEA, PCA and NT are non-parametric models. Khemr. Sharma et al. [4] examined the level and determinants of technical efficiency for a sample of domestic longline fishing vessels operating in Hawaii in 1993, Using a translog stochastic production frontier, including a model for vessel-specific technical inefficiencies. Ahmed Mohamed Elhendy [2] estimated the aggregate and perfishing effort stochastic production function frontier at Red Sea and at Arabian Gulf.
Sean Pascoe and Louisa Coglan [1, 4] examined variations in the efficiency of demersal trawlers operating in the English Channel through the estimation of a stochastic frontier production function. They found that the most important measurable factor affecting efficiency was the age of the vessel. However, unmeasurable factors accounted for about 65% of the variation in efficiency, and as much as 9% of the total variation in catches between boats. Diana Tingley et al. [4] compared stochastic production frontier and data envelopment analysis approaches to research factors affecting technical efficiency in fisheries. Ines Herrero [6, 10] applied four different approaches (data envelopment analysis, stochastic production frontiers, panel data and distance functions) to the Spanish Trawl fishery that operated in Moroccan waters. Data Envelopment Analysis was implemented to estimate and assess capacity utilization and ef ficiency for the first time in the eastern Mediterranean by Christos D. Maravelias [9] . M. M. Oliveira et.al [12] used Malmquist index to explore the evolution of productivity of the artisanal dredge fleet that operates in the south coast of Portugal. Natacha Carvalho et. al [7, 11] used a method that is comparable between and across national/regional fishing fleets to define small and large scale fishing operations in the Azores. All these studies on fishery production efficiency is deep and effective, it has important reference meanings to this article research development. However, the existing literature on fishery production efficiency studies did not eliminate environmental and random error influence so that cannot objectively reflect the decision-making of production units and management level. Therefore, in this paper, based on the related zhoushan's 2003-2009 data, it is expected more accurate description on fishery production efficiency of zhoushan district with the threestage DEA model. Meanwhile, the main factors influencing the fishery production efficiency were found and it will provide reliable basis for government decision making.
The next part of this paper is organized in following way: Section 2 outlines model specification and source of data. In section 3, we study efficiency and returns to scale of agricultural production in 31 provinces of our country. The conclusion and revelation of the main findings in this paper will be briefly presented in section 4.
II. THREE-STAGE DEA MODEL
The model of three-stage DEA has been put forward by Fried et.al (2002) . It is a better evaluation method of DMU efficiency. The biggest characteristic of this method is to remove the factor of external environment and random error which have influence on the efficiency. It makes calculated values of the efficiency can be more truly reflect internal management level of decisionmaking unit. Its construction and use include three stages.
The first stage: traditional DEA model (BCC model). Since the original Data Envelopment Analysis (DEA) studied by Charnes et al, there has been an impressive growth both in theoretical developments and applications of the ideas to practical situations. Based on different empirical axioms and corresponding to different characteristics of the production possibility set and production frontiers, different DEA models, namely the BCC model, the FG model, the ST model, and the CCWH model, are developed and applied in practice. Wei and Yan et al. introduced a generalized DEA model (GDEA) to give an unification of DEA models and methods (see ref6). By assigning different values to these parameters, the GDEA model can be reduced to the classic DEA models. The original Data Envelopment Analysis (DEA) can be used to evaluate relative efficiency among all decision-making units (DMUs) in the mode of more inputs and outputs. Chinese scholars engaged in DEA research started from 1986, W. Q. Lin plays an active and important role in domestic popularization and promotion of DEA method, and he summarized the research progress of DEA in 2000. BCC model is used to deal with the efficiency of decisionmaking unit under the assumption of variable returns to scale, By duality, the input-oriented BCC model for any DMU0 can express as follows: Especially, when γ close to 1, the influence of management is dominant, and when γ approach to 0, which indicates that the influence of random errors is dominant. Using the regression results of SFA model, we further adjust the DMU's input, namely, to increasing input for those DMU which is good or better luck in environment, so as to eliminate the influence of random factors. The adjustment formula is as follows:
Where ik x denotes the real value of input, ik x  denotes adjustment value. The first brackets adjust all decision units to the same environment, the second one representative that all random error is adjusted for the same situation, those will make each decision unit face the same business environment and luck.
The third stage: the DEA model after adjustment. With input ik x  adjusted on the second phase instead of the original input ik x , output ik y is still primitive, we use BCC model again to evaluate efficiency, and thus the efficiency value of each DMU gained on the third stage is the efficiency which has got rid of the impact of the environment factors and random factors.
III. THE ILLUSTRATION ANALYSIS

A. Sources and Description of Data
In the current study we employ the DEA model of three-stage to examine the fishery production efficiency in Zhoushan new district in the period from 2001 to 2009. In order to keep the research consistency, we select fishery output as the single output although DEA allows more outputs in empirical studies. The four inputs selected here are Fishery Labor, Fixed assets, Breeding area and Motor fishing vessels. The output will not be reduced when inputs is increased, which is tested by Pearson correlation method. The factors having effect on the fishery production efficiency cannot be subjectively controlled in range of samples, but should be selected as environment variable. We select fishermen per capita income, urbanization level 1 , financial subsidies to fisheries provided by the government2 and the education level of employees3 1 which is expressed as the ratio of the urban population to the total one 2 It comes from the product of the financial expenditure to the agricultural provided by government and the ratio of fishery population to agriculture one. 3 it is calculated according to the weighted average of population sampling data of the illiteracy, the elementary school, junior high school, high school, college or above those five types. the set of the weights is 0,6,9,12,15 years respectively.
Daishan, Shengsi. The result of comprehensive technical efficiency (TE1), pure technical efficiency (PTE1) and scale efficiency (SE1) are shown in Figure 1, 2, 3 respectively. If external environment and random factors are ignored, the pure technical efficiency of fishery production in Dinghai county is the highest in Zhoushan new district, with its average value being 0.92; the highest value of comprehensive technical efficiency is located in Daishan, being 0.71; the highest value of scale efficiency is located in Putuo, the highest average value is 0.96. Among them, Putuo and Daishan in 2008, Dinghai in 2008 and 2009, three efficiency values of them are all equal to one in technical efficiency frontier. Because all the results contain the interference of the environmental and the random factors, and can't reflect real level of fishery production efficiency, we next would do further adjustment and measure to these inputs.
C. Result of Stochastic Frontier Analysis
The random production frontiers model in this paper processes specific form about stochastic frontier function but not suppose distribution of the random error and inefficiency term. Also, this model not only inherited flexibility of DEA method but also considered the random errors. Further, the elastic coefficient of the frontier function in this paper is changed with time and individual; these may more accord with the actual and have more significant economic meaning. The individual effect is what separates the one-way error component model from the classical linear regression model, it is changing over time and is specific to each cross-sectional unit i. The model is also known as the fixed effects or random effects model, if unit is treated as fixed random respectively. Taking the slack variables of inputs as explained variables, which comes from the results of the first stage and have been taken logarithm. They are the endogenous variables. The four environment variable: urbanization level, fishermen per capita income, financial subsidies to fisheries, education level of employee, those mentioned above as explanatory variables after logarithm, is a vector of four exogenous variables, we use frontier package in the statistical software R to obtain the results of the SFA, which is shown in Tab. 1. 1*** (3.9) Note: *, **, ***, respectively denote that the value significant at the level of 10%, 5%, 1%. The number in the bracket is the corresponding estimated value of the statistics From the table1, it is known that the coefficients of the four environment variables to four slack variables of inputs have passed significant test, and this shows that the external environment factors significantly influence the redundancy of inputs on the fishery production. Further, the γ value of slack variables of labor input equal to one and reach the 1% significant level, the same as the inputs of fixed assets investments and motor fishing vessels, this shows the influence of management is dominant in these three inputs; For the slack of breeding area, the γ value close to 0 and reach the 10% significant test, it shows that the influence of random error is dominant in input of breeding area. The results show that management factors and random factors have significant influence on fishery production efficiency, it is very necessary to Stripping analysis of the influence of management factors and random factors on the efficiency of fishery production by application of stochastic frontier model.
We further investigate the coefficient of the environment factors to slack variables, because the SFA model is the regression of environment variable to slack variable of inputs, so when regression coefficients are negative, it means to increase the value of environment variable can reduce the value of slack variables, namely, is advantageous to reduce the waste of each inputs or decrease the negative output; Conversely, when regression coefficients are positive, it means to increase the value of environment variable will increase the value of slack variables, which can lead to the waste of the input variables or reduce output. Next, we explain the influence of four kinds of environment variables to slack variables of each input one by one.
(1) As to urbanization level. The ascension of the urbanization level is beneficial to the slack variables of four kinds of inputs, its coefficient are all negative and through test at 1% significant level. This suggests that the ascension of urbanization level can really realize effective distribution of resource, so as to improve the efficiency of fishery production; the conclusion is consistent with the expected theory.
(2) As to financial subsidies to fisheries provided by government. It is not consistent with the expected theory that the coefficients of financial subsidies provided by government to fishery production are all positive. This shows that the fisheries subsidies doesn't play its role on improvement of production efficiency, this result may be that the policy which is in favor of fisherman tends to increase the income expectation of the fishermen and encourage them to expand production scale, but the blind investment will cause extensive use of production factors.
(3) As to fishermen per capita income. The coefficients of this variable to slack variable of inputs are all positive, that is to say, if the fishermen per capita income increases then the slack variable of inputs will increase, which would produce adverse effect on the fishery production efficiency. This conclusion is just the opposite of expected theory, but this rightly reflects the fishery production of Zhoushan belongs to the extensive pattern of high investment. On one hand, the increase of fishermen income tempts excessive labor to return to the fishery production, and makes Labor input redundancy; on the other hand, the increase of income also make fishermen increase various other inputs, such as the lack of our country's fishery production skills, the investment can only lead to the increase of slack variables, and produce negative effects on fishery production efficiency of Zhoushan.
(4) As to education level of employee. The average education level of employee is favorable to labor, fixed assets, motor fishing vessels on fishery production, the improvement of the quality of the employee can significantly reduce waste of these three kinds of inputs, while it will make breeding area redundancy.
Each environment variable produce different effect on different area of Zhoushan new district in different time, as a result, it leads to the region facing environment of good management or good luck has better efficiency performance, and the fishery production efficiency were worse to those area which face bad5 luck or bad business environment. Therefore, we must adjust the original value of input variables, which will make all areas face the same business environment and business luck in any time, and explore the real efficiency level.
D. Efficiency after Inputs Adjusted
According to the adjustment formula (3), namely
we adjusted the value of input variables, considering adjusted input data as explanatory variables and the original output value as dependent variable and using BCC model (1) again, we obtained new efficiency value and scale return states of all the decision-making unit, the results of comprehensive technical efficiency (TE2), pure technical efficiency (PTE2) and scale efficiency (SE2) are shown in Figure 4 In order to illustrate the DEA model of the third stage is more objective in measurement of efficiency value, and more real to show the fishing production status in Zhoushan new district, we made a Spearman rank correlation analysis of per capita fishery output in each city and county to the efficiency result from the first stage and the third stage respectively, the results as shown in Tab. 2.
From the Table. 2, it is known that after being adjusted with environmental factors in the second stage, the degree of correlation of the comprehensive technical efficiency, pure technical efficiency and scale efficiency value to per capita output value of fishery production are greatly improved in each county. The results show that the measurement results from the third stage than the first stage can better reflect the efficiency of management than the first stage, which further proves that the adjustment of random and environment factors in the second stage is very necessary, the application of the three-stage DEA model is more reasonable and precise in respect to measure fishery production efficiency than that of the traditional DEA method.
Further, by contrast Figure 4 , 5, 6 with Figure 1 , 2, 3, we observed that the efficiency of most of the counties have changed after eliminating the influence of random variables and the environment factors, the average technical efficiency of each county increases from 0.626 to 0.628, the average scale efficiency increases from 0.771 to 0.778, the average pure technical efficiency drops from 0.828 to 0.821, while the counties in efficiency frontier remain the same, which implied the fishery production efficiency of these counties has really gone well in those years.
The comprehensive technical efficiency of two counties of Daishan and Shengsi all have modest drop in most years from 2001 to 2009, this shows that their high efficiency before are closely related the favorable environment and good luck, their technical management level looks not so high, of which the greatest reduction of efficiency is Shengsi county in 2001, its comprehensive technical efficiency fell from 0.54 to 0.44, the cause of the decline is the changes of scale efficiency.
The fishery production efficiency in the third stage has a rise compared with the first stage in two counties of Dinghai and Putuo, which is due to the rise of pure technical efficiency, but mostly because of the growth of the scale efficiency; This phenomenon means that the low technical efficiency of these counties before was caused by the rather adverse environment or bad luck, and not their low technology management level. Note: The correlation coefficient is tested under a program default value of 5% significant level, the number in parenthesis is P value of test.
As to the two counties: Dinghai and Shengsi, their average values of pure technical efficiency were greater than 0.9 while scale efficiency smaller than 0.9, so the direction of efficiency improvement is scale efficiency in their fishery production, The focus of the reform is to expand the scale of fishery production and achieve the new configuration of fishery resources. For other two counties of Zhoushan new district: Putuo and Daishan, the average value of scale efficiency is greater than 0.9 while pure technical efficiency less than 0.9, so the focus of subsequent development of the two counties in fishery production is to improve pure technical efficiency, that is, improve the management level of technology in the fishery production. The results in the table 2 show that the average values of elastic coefficient estimates of variable of breeding area is nearly negative. In Daishan, the values of elastic coefficient are positive. This means that to expand the area of Breeding in Zhoushan cannot make the region's fishery output increased, except for the provinces of Daishan. In fact, the average values of elastic coefficient of breeding area in these three counties are so small that hardly effect on fishery output. The area of breeding economy development of marine fishery exist waste. Input resources did not reach the optimal combination and not make full used, which existing residual, namely, the inputs are excess under the situation of the existing outputs. In other counties, the inputs of Fixed Assets of fishery investment, Fishery Labor and Motor Fishing vessels are elastic to fishery output, among them; the largest elasticity is Motor Fishing vessels in Shengsi. The average value of elastic coefficient estimates of Motor Fishing vessels in Dinghai is 0.219; it denotes if the Motor Fishing vessels in Dinghai increased one unit, the fishery output will improve 0.219 unit. The same analysis to elastic coefficient matrix estimates of other counties in Zhoushan islands.
The results in the table4 show that average deviation of elastic coefficient estimates of four variables is all small except for Putuo. It can be explained the change of fishery output, which caused by the change of input of breeding area, motor fishing vessels, fixed asset investment and fishermen labor, is not obvious every year. All these show that simple by means of increasing fishery investment and extending the fishery production scale is not quite effective in promoting the development on fishery economy, we should reduce the scale of the input elements and improve the resource utilization and allocation rate, so as to improve the all technical efficiency of fishery production and promote Marine fishery economy development.
V. CONCLUSION
In this paper we used three-stage DEA model to analyze the fishery production efficiency from the year 2001 to 2009 in Zhoushan new district and drew the following main conclusion. First, through regression analysis of the stochastic frontier in the second stage found that environment and random factors had significant influence on fishery production efficiency. In environmental factors, fishermen in per capita income is unfavorable factors of fishery production; The ascension of urbanization level can really realize resource effective configuration, so as to enhance the efficiency of fishery production; The fisheries subsidies provided by government will lead to the increase of slack of inputs, so it didn't play its role in improving the efficiency of fishery production. The average of the year of population by education is favorable factors to enhance the efficiency of fishery production. Second, After the input adjusted based on second phase, there has been a significant change of fishery production efficiency, to make an spearman rank correlation analysis of the efficiency of the first stage and three stages to fishery output per capita of each county, we found the correlations of the comprehensive technical efficiency of each county and per capita output of the fishery all have increased significantly, the same to pure technical efficiency and scale efficiency, the result further explained the application of three-stage DEA model is more reasonable and precise than traditional DEA method to fishery production efficiency measure. Third, after eliminating the influence of random variables and the environment factors, the average technical efficiency of each county increase from 0.626 to 0.628, the average scale efficiency increase from 0.771 to 0.778, the average value of pure technical efficiency dropped from 0.828 to 0.821. The two counties of Dinghai and Shengsi have low scale efficiency and high pure technical efficiency, while the other two counties of Putuo and Daishan have low pure technical efficiency and high scale efficiency.
Considering the question of how to improve the efficiency of fishery production in Zhoushan new district, the above conclusion gives us the following two basic enlightenment: first, according to the analysis of the influence of four environmental factors, the first thing we need to do is to keep urbanization orderly, the second is to develop education, improve quality of labor and make sure the urbanization and quality of labor play full role to promote fishery production efficiency. In addition, the negative impact of fishermen ' income and financial output in fishery production donn't mean that government can reduce fishermen' income and the financial output, government should strengthen guidance to fishermen, open up their effective investment channel, make them achieve the effective distribution of income and not to blindly invest. For financial output, government should improve project portfolio of fiscal expenditure, try to reduce the efficiency loss of supply system of public goods, improve the external condition of the public demand and promote the production efficiency. Second, the characteristic of fishery production efficiency in each county is not consistent; they should be reformed combined with features of the shortcomings of their own efficiency. The two counties of Dinghai and Shengsi have low scale efficiency and high pure technical efficiency, they should expand fishery production scale; while the other two counties of Putuo and Daishan have low pure technical efficiency and high scale efficiency, and they should improve management technology level in fishery production. All those finding provides an alternative proposals to sustainable development of fishery production in Zhoushan new district.
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